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® Aluminium anode alloy. 


® An eiectrochemlcany active aluminum alloy is 
described which consists essentially of 0.01 to 0^ 
percent by weight of Indium, at least one of 0.01 to 
0^ percent by weight of manganese and 0.01 to 
1^ percent by weight magnesium, and the balance 
t)eing aluminum preferably having a purity of at least 
09.99 percent by weight The alloy may contain up 
^to 0.03 percent by weight of iron and preferably 
^contains both manganese and magnesium. It is par- 
ticularly useful as a battery anode with aHcaHne alec- 
-^trotytes. 
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ALUMINUM ANODE ALLOY 


Background of the Invention 

This invention relates to anodes for electro^ 
chemical cells and. more particularly, to an alu* 
minum alloy anode having high energy and high 
electrochemical potential in cells using strong 
aikaine solutions. 

The basic requirement of a satisfactory anode 
for electrochemical cells, such as aluminum-air 
cells, is the ability to generate a high cell voltage 
while* suffering little parasitic comDsion. High volt- 
age is essentia] as it allows reduction of the num- 
ber of ceils required to construct a battery of a 
gh^en voltage. Low parasitic conrosion, or in other 
words high efficiency, leads to higher energy den- 
sity, i.e. lower anode costs and, more importantly, 
to minimized hydrogen gas evolution. If this hy- 
drogen gas is not adequately vented and diluted, it 
Is a possible explosion hazard. Furthermore, the 
venting operation itself potentially raises problems 
with sealing of the batteries to prevent spillage. 

Much previous research has relied upon the 
addition of stannats to alkaline electrolyte In order 
to copM the parage conrosion occuring at the 
aluminum anodes. One preferred electrolyte that 
has been used consists of 4 molar sodium hydrox- 
ide, 1 molar dissolved aluminium and 0.06 molar 
sodium stannate (conrosion inhibitor). Nevertheless, 
there are a number of drawbacks to the use of 
such an electrolyte, these being: 

1. There is a tendency for tin to plate from tiie 
electrolyte onto the anode and thereby form a 
dendritic structure which ultimately shorts tiie cell; 

2. As the tin plates, its concentration in solution 
decreases witii tiie result that tiie Inhibiting Influ- 
ence of tiie tin Is progressh^ly bst 

3. There Is a retardation of growth of aluminum 
hydroxide crystals in the presence of stannate and 
this results in the reduction of the efficiency of any 
regenerative crystalllzer unit 

Many studies have also been conducted on the 
composition of tiie anode. For instance, Pryor. et 
al, U.S. Patent 3.189.488 describes an anode con- 
sisting essentially of aluminum and tin. optionally 
with indium. The beneficial effects of gallium, in- 
dium and phosphorous upon electrodnemical activ- 
ity are described in Despic, et al. U.S. Patent 
4^88.500. When added to super purity aluminum, 
these elements raise the anodic potentiais. 

Moden. et al, U.S. Patent 4,107.406 describes 
an anode made of super purity aluminum contain- 
ing small amounts of magnesium and gallium. 


However, none of tiie alloys disclosed above 
provide acceptable performance when used witii a 
strongly alkaline electrolyte without corrosion inhibi- 
tor. 

5 

Summary of tiie Invention 

According to tiie present invention a particu- 
larly favourable t}alance of potential and corrosion 

10 resistance in an alkaline electrolyte is otytained 
when the anode is made of an aluminum based 
alloy witii specific small additions of indium and at 
least one of manganese and magnesium. In par- 
ticular, the alloy of the invention consists essen- 

75 tially of 0.01 to 0.20% by weight indium, at least 
one of 0.01 to 0.25% by weight of manganese and 
0.01 to 1.5% by weight magnesium and the bal- 
ance aluminum, e.g., an aluminum having at least 
99.95% and preferably at least 99.99% purity. An 

20 anode made from the alloy of the present Invention 
is particularly advantageous for use with a strong 
alkaline electrolyte, providing an excellent balance 
of potential and corrosion resistance without the 
necessity of adding sodium stannate. 

Description of tiie Preferred Embodiments 

It has been found that tiie presence of man- 
ganese in the alloy Is important in order to mini- 

30 mize corrosion under load conditions, while the 
presence of magnesium is advantageous for mini- 
mizing conrosion under no-k>ad conditions. Accord- 
ingly, the presence of botii manganese and mag- 
nesium is preferred. 

35 The alloy may also tolerate the presence off 
iron in amounts up to about 0.03% by weight 
without leading to excessively high corrosion. Otiier 
components tiiat may be present In tiie altoy In- 
clude silkx>n. tin, titanium and gallium. 

40 A preferred alloy contains 0.05 to 1.0% by 
weight of magnesium, 0.02 to 0.15% by weight of 
Indium, 0.02 to 0.2% by weight of manganese and 
the balance of super purity aluminum. This aik)y 
may also contain other minor components such as 

46 up to 0.005% by weight silicon, up to 0.005% by 
weight tin, up to 0.005% by weight titanium and 
0.005% by weight gallium. These components, as 
well as Iron, may eitiier be already present In ttie 
super purity base aluminum or introduced as impu- 

50 rities with the alloying additions. 

The alloy composition can be prepared by a 
number of conventional casting procedures, includ- 
ing laboratory permanent moulds, twin roll or twin 
belt casters and tiie common direct chill methods. 
An important feature of the invention is to ensure 
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that a minimum level of the alloying constituents 
are in solution to at least a significant extent Ac- 
cordingly, the procedure can include a solution 
heat treatment either at the ingot or intemiediate 
thickness stage. This can bo achieved by heat 
treatment for 8 hours at 600''C followed by a water 
quench. The sheet can be either hot or cold 
worked, but care must be exercised if hot working 
or Intermediate annealing is used due to the pos- 
sibility of precipitating the alloying elements by 
protonged exposure to temperatures bekyw solutk>n 
temperature. The presence of precipitated aik)ying 
elemento in the microstnjcture can decrease the 
efficiency of the anode. 

Certain prefen^ embodiments of the Invention 
will now be illustrated by the foltowing examples. 

Example 1 

A series of alloys were prepared starting with 
super purity aluminum (at least 99.990% purity) 
and various aitoying elements were added as in* 
dicated in Table 1. The alk)ys 1-6 were cast into 


Ingots having a thickness of 19 mm and the Ingots 
were scalped to remove approximately 0.15 mm 
from each major face. These artJcles- were sub- 
jected to solution heat treatment for 8 hours at 

5 eOO^C and, folkwing a water quench, were cold 
rolled to forni sheets having a thickness of 3J2 mm. 
Alloys 9-14 were processed in the same manner 
with the inclusion of an additional cold rolling op- 
eration to 14 mm following scalping but prior to 

10 solution heat trestment This additional operation 
has no measurable effect on the properties listed in 
Table 1. 

The altoy sheets thus formed were tested as 
anodes for their ability to generate cell voltages on 

rs open circuit arfd with external cunBnts of 200 and 
600 mA/cm' (respectively EOC. E200, E600) at 
OO^'C in 4 molar NaOH. Connosion cun^ents mea- 
sured as weight k)ss at open circuit and with exter- 
nal currents of 200 and 600 mA/cm' (respectively 

20 tCOC. IC200. IC600) were also detenmlned. 

The aik>y compositrans and the electrolytic re- 
sults are shown in Table 1 betow. 
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From the above table it is evident that the 
binary alloys were quite inadequate. From Table 1 
rt wilt also be seen that in terms of high potentials 
and low corrosion currents, the ternary and quater- 
nary alloys containing Mn, Mg. and In provide the 
most useful compromise of any of the alloys test- 
ed. It is also dear that the build up of dissolved 
alloy in the electrolyte, for example, as represented 
by the testing of alloy 8 in the electrolyte with 27 

of dissolved alloy, does not advereely affect the 
behaviour. 
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Example 2 

To demonstrate the effect of manganese on 
the corrosion rate under load of the alloy of the 
invention, eight different allo^ were prepared start- 
ing with super purity aluminum (at least 99.990% 
purity). These were cast containing two different 
concentrations of magnesium and indium and with 
and without manganese, using the same procedure 
as was used for alloys 1-6 of Example 1. The 
Condon at a load of 200 mA/cm' was measured 
as in Example 1. all measurements being taken 
three times, and the mean recorded. The results 
are shown in Table 2 below: 


TABI£ 2 


AHoy 


IC200 (inVcm2) 


Std. Dev. 


No. 

M9 Mn 

In 

. (mean) 


15 

.1 Nil 

.02 

37 

2.3 

16 

.4 Nil 

.02 

31 

3.9 

17 

.1 .03 

.02 

22 

4.7 

18 

.4 .03 

.02 

26 

1.7 

19 

.1 Nil 

.05 

30 

1.3 

20 

.4 Nil 

.05 

31 

3.9 

21 

.1 .03 

.05 

13 

3.6 

22 

.4 .03 

.05 

36 

17 

1.3 


ft will be seen from the above results that the 
quartemary alloys possess the lowest corrosion 
rate. 

Example 3 

In order to determine the effects of contamin- 
ants on alloys of the invention, a series of alu- 
minum alloys were cast from super purfty alu- 
minum base containing varying concentrations of 


40 


45 


Iron and silicon, togethw* with relatively low con- 
centratioTYs of magnesium, manganese and indium. 
A high purity base and a commercial purity base 
were also used. The procedure used was the same 
as that used for alloys 1-6 of Example 1. 

The alloy compositions and ttie results, mea- 
sured as in Example 1, are shown in Table 3 
below: 
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Claims 

1. Electnochemically active aluminurn alloy cxxi* 5 
sisting essentially of 0.01 to 020 percent by weight 
of Indium, at least one of 0.01 to 025 percent by 
weight of manganese and 0.01 to 1.5 percent by 
weight of magnesium and the balance of aluminum 
having a purity of at least 99^5 percent to 

Z An alloy according to claim 1 containing 
both 0.01 to 025 percent by weight manganese 
and 0.01 to 1 .5 percent by weight magnesium. 

3. An alloy according to daim 2 wherein the 
aluminum has a purity of at least 99 J9 percent 75 

4. Bectrochemically active aluminum alloy con- 
sisting essentially of 0.01 to 020 percent by weight 
of Indium. 0.01 to 025 percent by weight of man- 
ganese and the balance of aluminum having a 
purity of at least 99^5 percent 20 


5. Bectrochemically active aluminum alloy con- 
sisting essentially of 0.01 to 020 percent by weight 
of indium, 0.01 to 1.5 percent by weight of magne- 
sium and the Isalance of aluminum having a purity 
of at least 99.95 percent. 

6. An alloy according to claim 1 containing iron 
in an amount up to 0.03 percent by weight 

7. Bectrochemically active aluminum alloy con- 
sisting essentially of 0.02 to 0.15 percent by weight 
indium, 0.05 to 1.0 percent by weight of magne- 
sium, 0.02 to 02 percent by weight manganese 
and Une t)alance of aluminum having a purity of at 
least 99.990 percent 

a An alloy according to daim 1 which has 
been solution heat treated. 

9. An anode for a primary electrochemical en- 
ergy source fbnned from the aluminum alloy 
claimed in daim 1. 
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